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@ A method of attenuating the echo signal in so-called telephone fork converting circuits intended for conference, and an 
apparatus operating on said method. 

(§7) A method of attenuating the echo signal in so-called 
telephone fork converting circuits (4), adapted for telephone 
conferences with a plurality of participants, consists of 
switching and arranging sequentially on a serial line (14) 
messages (ST) from each participant as coded (A.B.C) in the 
PCM code, by means of a digital switching array (9), and of 
performing a sign reversal on the PCM codings (A,B,C) of a 
number of messages (ST) equal to the approxximation to the 
nearest number below the number of participants in the 
conference divided by two. In the instance of an odd number of 
participants, first and second conferences are set up by means 
of a conference actuator (18), each conference comprising a 
different combination of inverted-sign coded messages and 
remaining coded messages from the participants, with conse- 
quent cancellation of the echo components having opposite 
sign; subsequently, on the double-wire receiving line (7) 
associated with the telephone fork (4) of each participant, one 
of said conferences is transmitted as deprived of the message 
related to that participant including a number of inverted-sign 
messages equal to that of the remaining original messages. 
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Description 



This invention relates to a method of attenuating 
the echo signal in converting circuits, referred to as 
telephone fork circuits, intended for telephone 5 
conferences held with an odd number of partici- 
pants said circuits being useful for matching 
double-wire telephone lines, each having analog 
phonic messages transmitted bidirectional^ there- 
over to and from each of the participants, and pairs 10 
of double-wire lines, with each line in each pair being 
respectively adapted to receive and transmit said 
messages as converted each from and into a digital 
code of the PCM (Pulse Code Modulation) type. 

The invention is also concerned with an apparatus 15 
operating in accordance with the above-noted 

method. , 
The field of application of the method and 
apparatus according to the invention comprehends 
in particular, though not solely, digital switching 20 
telephone exchanges and private telephone branch 
exchanges, also referred to as digital PABX (Private 
Automatic Branch Exchange), wherein there exists a 
demand for a conference switching phase between 
messages, coded according to the PCM digital 25 
code, from corresponding participants in the con- 
ference. 

As is known, a telephone conference between a 
number of participants equipped with a correspond- 
ing subscriber telephone set is currently held, 30 
according to prior art approaches, with the interme- 
diary of a pair of integrated electronic components 
consisting of a digital switching array cooperating 
with a conference actuator, both components being 
controlled by means of a microprocessor. 35 

In particular a switching array, commercially 
available as SGS M088. is input a number of 
channels each carrying a PCM-coded message, and 
performs switching between input and output chan- 
nels ^ 

Such input and output channels are concentrated 
on serial lines, each capable of being allocated up to 
thirtytwo discrete channels by a conventional tech- 
nique referred to as TDM (Time Division Multiplex- 
mg). 

The second-mentioned of said component pair, 
commercially available as SGS M116, consists of a 
conference actuator which receives sequentially at 
its input, from a serial line, the PCM-coded mess- 
ages supplied by the switching array, and performs 50 
arithmetic summing operations on the PCM coding 
of such messages, thus altering the value of the 
analog signal to which the coding applies. 

Each of the participants in the conference, being 
equipped with a corresponding subscriber tele- 55 
phone set, is located at one end of a double-wire 
telephone line adapted for bidirectional transmission 
of analog phonic messages from and to each 
participant- 

At the telephone exchange, the other end of the 60 
double-wire line is connected to a converting circuit, 
referred to as telephone fork or "hybrid* 1 circuit, 
which interfaces said line to a pair of discrete 



double-wire lines, respectively and separately opera- 
tive to transmit and receive messages. 

Designated ST and RT are hereinafter messages 
or signals respectively transmitted or received from 
and to a participant in the conference on a 
corresponding one in the aforesaid line pair. 

Further the line intended for the transmitted 
signal ST is connected to an analog-to-digital 
converter whose output is concentrated by the 
aforesaid TDM technique with the equivalent outputs 
of another thirtyone analog-to-digital converters on 
a single serial line, thus issuing a multiple digital 
signal which contains thirtytwo PCM messages 
related to as many subscribers. 

That serial line is applied to one of eight inputs to 
the switching array, which can therefore receive 
twohundred fiftysix discrete PCM messages. In a 
dual mode, the switching array has eight outputs, 
each having thirtytwo PCM messages concentrated 
thereon. Each of these outputs can be connected to 
a buffer which, using the same TDM technique, will 
read out the individual PCM messages and pass 
them to the inputs of thirtytwo digital-to-analog 
converters whose outputs are applied to the 
respective RT signal receiving lines. 

This prior approach has, however, a serious 
drawback in that on the transmission line there 
appears a signal component, referred to as echo, 
which is proportional to the receiving line signal. 

In particular, on the transition from two to four 
wires through the telephone fork converting circuity 
the transmitted signal ST is equal to the signa S 
transmitted on the double-wire line, connected 
directly to the participant in the conference, plus a 
signal component given by the product of the 
received signal RT multiplied by a parameter K. The 
value of this parameter K is variable and tied to the 
impedance Z of the double-wire telephone line 
interconnecting the participant in the conference 
and the converting circuit, as well as to the 
telephone signal frequency within the range of 300 to 

3400 Hz. £ . . . 

The term KRT constitutes the aforesaid echo 
signal that affects and deteriorates the conversa- 
tions of the participants in the conference. 

The technical problem underlying this invention is 
to provide a method of attenuating said echo signal 
which affords improved quality of a conference held 
between plural participants through a telephone 
branch exchange. . ^ m ^m 

This problem is solved by a method as indicated 
being characterized in that it comprises the steps of. 

arranging sequentially on a serial line the mess- 
ages from each participant in PCM-coded form with 
the intermediary of a switching array; 

reversing the PCM code sign of a number of said 
messages equal to the approximation to the nearest 
number below the number of the participants in the 
conference divided by two; 

carrying out at least first and second conferences, 
each by adding said inverted sign messages to the 
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remaining original messages of said participants, 
with cancellation of the echo components of 
opposite sign; and 

sending, on the receiving line of each participant, 
that one of said conferences which, when deprived 
of the message related to said participant, com- 
prises a number of inverted sign messages which is 
the equal of the number of the remaining original 
messages. 

This problem is also solved by an apparatus for 
attenuating the echo signal in so-called telephone 
fork converting circuits, particularly for telephone 
conferences between plural participants, of a type 
which comprises: 

a digital switching array having a plurality of inputs, 
with each input adapted to receive the PCM {Pulse 
Code Modulation) coding of a plurality of analog 
phonic messages transmitted from said partici- 
pants ; 

a conference actuator operative to add codings of 
said messages and having a serial input arranged to 
receive said codings sequentially; 

a logic gate of the exclusive-OR type having an 
input connected to a serial output from said array via 
a serial line, and the output connected to said serial 
input of said actuator, as well as a second input 
arranged to receive, from a second output from said 
array, a sign reversing signal for the coding of at 
least one of said messages; 

a microprocessor connected to said switching 
array and said conference actuator to string out, on 
said serial line, an appropriate sequence of said 
messages and to generate said inverting signal; and 

a second serial line connected to the output of 
said actuator and an input of said switching array for 
switching to one in the plurality of outputs from said 
array the sums of the codings of said messages plus 
the inverted sign messages. 

The features and advantages of the method 
according to the invention will become apparent 
from the following detailed description of an appara- 
tus for implementing it, to be taken by way of 
illustration and not of limitation in conjunction with 
the accompanying drawings. 

In the drawings: 

Figure 1 is a schematic view of a telephone 
branch exchange incorporating the apparatus 
of this invention; and 

Figure 2 is a schematic detail view of the 
apparaius shown in Figure 1 . 

With reference to the drawing views, the numeral 1 
designates comprehensively and schematically an 
apparatus for implementing the inventive method. 
The apparatus t is incorporated to a digital tele- 
phone branch exchange 2, e.g. of the PABX (Private 
Automatic Branch Exchange) type, to which a 
plurality of double-wire telephone lines, collectively 
indicated at 3, are led whose other ends are each 
connected to a subscriber telephone set, not 
shown, for a participant in a telephone conference. 

The branch exchange 2 includes a converting 
circuit 4, e.g. of the type available commercially as a 
SLIC (Subscriber Line Interface Circuit), which is 
adapted to provide a matching interface between 
each double-wire telephone line 3 and two groups 5 



of double-wire lines 6, 7. Whilst the telephone line 3 
is intended for bidirectional transmission of a 
message or analog phonic signal from and to said 
participant in the conference, each of the double- 
5 wire lines 6 and 7 is intended, respectively and 
separately, to transmit and receive a message or 
analog phonic signal. 

The message transmitted on the line 6 is denoted 
ST, and the messaage received on the line 7 is 

10 denoted RT. 

At the ends of the transmission lines 6, there are 
analog-to-digital converters 8a, each having its 
output made to converge via a concentrator 8b to a 
line 26 connected to an input of a digital switching 

15 array 9 having a plurality of inputs indicated at 10. 
Further, said receiving lines 7 are connected to 
the outputs of digital-to-analog converters 11a, each 
having inputs connected to the outputs of a buffer 
11b connected on its input side to a plurality of 

20 outputs, denoted 1 2, from said switching array 9. 

The analog-to-digital and digital-to-analog conver- 
ters 8a and 11a, respectively, are operative to 
convert the analog phonic signal to and from a digital 
coding commonly referred to as PCM (Pulse Code 

25 Modulation). 

The switching array 9 further comprises, among 
the outputs 12, a first serial output 13 to which one 
end of a serial line 14 is connected which has the 
other end connected to an input of a logic gate 15 of 

30 the exclusive-OR (EX-OR) type having its output 
connected directly to a serial input 17 of a 
conference actuator 18 by means of a further serial 
line section 16. 

The other input to said logic gate 15 is connected 

35 directly to a second serial output 19 from the 
switching array 9 by a line 20. 

A microprocessor 21 is connected by conven- 
tional bus 22 to both said switching array 9, to 
control switching of messages appearing at one of 

40 the inputs 10 over to the output serial line 14, and 
said conference actuator 18 to control the arithmetic 
summing operations for the PCM codings of the 
messages received sequentially on the input 17. 
Said conference actuator 18 comprises a serial 

45 output 23 connected directly to a serial input 24 of 
the switching array 9 via a third serial line 25. 
Addressed and transmitted on that output 23 are the 
sums, performed by the conference actuator 18, of 
the PCM codings of the messages transmitted from 

50 the participants in the conference; these sums are 
subsequently passed on one of the parallel outputs 
12 of the array 9 under control by the microproces- 
sor 21. 

In the exemplary embodiment being discussed 
55 reference is made to a conference between an odd 
number of participants, in particular three, each 
being assigned a PCM coding of a transmitted 
analog phonic signal, respectively denoted A, B, and 
C. 

60 On each double-wire line 3 interconnecting each 
of the participants in the telephone conference, the 
analog phonic messages are transmitted bidirec- 
tionally. For example, the reference character Sa 
denotes the analog signal transmitted on the line 3 

65 by a first participant in the conference, and R A the 
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analog signal received by that participant on that 
same line 3. 

Through the telephone fork formed by the con- 
verting circuit 4, a signal ST a is transmitted on the 
double-wire transmission line 6 which is converted 
to a digital coding of the PCM type. 

The technique for digitizing the analog signals into 
the PCM code is quite conventional and comprises 
the steps of filtering the analog signal in the 
300-3400 Hz band, followed by sampling at a 
frequency of 8000 Hz and coding the samples with 
an 8-bit byte. The first of these eight bits defines the 
polarity of the sample amplitude; thus, a logic value 
"0" of said first bit would represent a negative 
amplitude of the original message, and a logic value 
"1" would represent a positive amplitude of the 
message. 

The group of three bits following the first most 
significant bit define a binary number of a segment to 
which the amplitude of the sample message be- 
longs. The remaining four bits define a binary 
number related to the step to which the sample 
amplitude belongs within that segment. 

The conversion of the messages transmitted from 
each participant into PCM coded messages is 
performed by the analog-to-digital converters 8a; 
the individual PCM-coded signals, denoted A, B and 
C, are made to converge, by means of the 
concentrator 8b and in accordance with a conven- 
tional technique referred to as TDM (Time Division 
Multiplexing), to the line 26, to provide a multiple 
digital signal transmitted to one of the inputs 10 of 
the switching array 9. 

The first step of the method according to this 
invention consists of switching the aforesaid mess- 
ages A, B and C over on the serial line 14. This 
operation is performed by the switching array 9 
under control by the microprocessor 21. These 
messages, whose digital coding is shown in Figure 
2, are therefore sent sequentially to the input of the 
logic gate 15 of the exclusive-OR type. 

The microprocessor 21 also controls the issuing, 
on the serial output 19 of that same array 9, of a 
signal 27 to reverse the PCM coding sign of a 
number of such messages equal to the approxima- 
tion to the nearest number below the number of the 
participants in the conference divided by two, where 
the number of participants is an odd number. 

Changing the sign of a PCM message means to 
only change the most significant bit in the eight-bit 
byte constituting the coding. 

Accordingly, by sending in parallel to the second 
input 28 of the logic gate 15 appropriate sequences 
of codings having a logic value of one for the most 
significant bit and the remaining seven bits in the 
byte at a logic value of zero, it becomes possible to 
have the sign of the PCM coding of some messages 
reverse d through the exclusive-OR 15. 

Subsequently, a first conference is effected in the 
conference actuator 18 by adding the inverted sign 
messages to the remaining original messages; the 
summing operation is, of course, carried out on the 
codings of such messages. This same conference 
actuator 18 will remove from each sum related to an 
individual participant the coding of the message 



from the participant him/herself. Within the branch 
exchange 2, the telephone line sections have limited 
length, which condition leads to assume with fair 
approximation, equality of the coefficients K tied to 
5 the values of the various line impedances Z and 
responsible for the echo signal. 

The sum of the inverted-sign messages plus the 
original messages, as carried out in the actuator 18, 
results in the echo components with opposite sign 
10 being cancelled. 

The result of this sum is supplied to the serial 
input 24 of the switching array 9, which will switch on 
one of the outputs 12 messages to be input to the 
buffer 11b, which passes the individual PCM mess- 
15 ages to the digital-to-analog converters 11a whence 
the messages are output for reception by the 
various subscribers. With an odd number of partici- 
pants, a second conference becomes necessary 
because, on the receiving line of each participant, 
20 the one of said conferences must be supplied which, 
once deprived of the message related to that 
participant, comprises a number of inverted-sign 
messages equal to the number of the remaining 
original messages. 
25 Thus, the echo components with opposite sign 
are cancelled. 

In the instance of a telephone conference bet- 
ween an even number of participants being required, 
it will be sufficient to carry out a single conference 
30 between the codings of the inverted-sign messages 
and original messages. 

In particular, by going through the same steps of 
the method as described in connection with three 
participants, for a conference involving four partici- 
35 pants, it will be sufficient to have the bytes relating to 
two messages inverted prior to their connection in 
the conference and to perform one conference sum 
only. 

Thus, with an even number of participants, there 
40 would be left but an echo contribution tied to one of 
such messages, since there can be no equality of 
the number of inverted-sign messages to that of the 
remaining original messages transmitted to each 
participant. 

45 However, with an even number of participants it is 
still possible to achieve a considerable attenuation 
of the echo signal. 

The method of this invention can solve, therefore, 
the technical problem, while affording the important 

50 advantage of greatly attenuating the echo signal 
present on a transmission line associated with 
telephone fork converting circuits. The echo can 
even be substantially cancelled in the instance of an 
odd number of participants in a conference. 



Claims 



1 . A method of attenuating the echo signal in 
so-called telephone fork converting circuits (4) 
intended for telephone conferences held with 
an odd number of participants, said circuits (4) 
being useful for matching double-wire tele- 
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phone tines (3), each having analog phonic 
messages (S.R) transmitted bidirectionally 
thereover to and from each of the participants, 
and groups (5) of double-wire lines (6,7), with 
each line (6,7) in each group (5) being respec- 5 
tively adapted to receive and transmit said 
messages as converted each from and into a 
digital code (A.B,C) of the PCM (Pulse Code 
Modulation) type, characterized in that it com- 
prises the steps of : 10 

arranging sequentially on a serial line (14) 
the messages from each participant in PCM- 
coded form with the intermediary of a switching 
array (9) ; 

reversing the PCM code sign of a number of 75 
said messages equal to the approximation to 
the nearest number below the number of the 
participants in the conference divided by two; 

carrying out at least first and second 
conferences, each by adding said inverted sign 20 
coded messages to the remaining original 
coded messages of said participants, with 
cancellation of the echo components of oppo- 
site sign; and 

sending, on the receiving line of each 25 
participant, that one of said conferences which, 
when deprived of the message related to said 
participant, comprises a number of inverted 
sign coded messages which is equal to the 
number of the remaining original coded mess- 30 
ages. 

2. A method of attenuating the echo signal in 
so-called telephone fork converting circuits (4) 
intended for telephone conferences held with 

an even number of participants, said circuits (4) 35 
being useful for matching double-wire tele- 
phone lines (3), each having analog phonic 
messages (S,R) transmitted bidirectionally 
thereover to and from each of the participants, 
and groups (5) of double-wire lines (6,7), with 40 
each line (6,7) in each group (5) being respec- 
tively adapted to receive and transmit said 
messages as converted each from and into a 
digital code (A,B,C) of the PCM type, charac- 
terized in that it comprises the steps of: 45 

arranging sequentially on a serial line the 
messages from each participant in PCM-coded 
form with the intermediary of a switching array; 

reversing the PCM code sign of one half the 
number of said messages ; 50 

carrying out a conference by adding said 
inverted-sign coded messages to the remaining 
original coded messages of said participants, 
with cancellation of the echo components of 
opposite sign; and 55 

sending, on the receiving line of each 
participant said private conference of ' the 
message related to said participant. 

3. An apparatus (1) for attenuating the echo 
signal in so-called telephone fork converting 60 
circuits (4), particularly for telephone conferen- 
ces between plural participants, of a type which 
comprises: 

a digital switching array (9) having a plurality 
of inputs (10), with each input adapted to 65 



receive the PCM (Pulse Code Modulation) 
coding (A t B,C) of a plurality of analog phonic 
messages (ST) transmitted from said partici- 
pants; 

a conference actuator (18) operative to add 
codings (A.B.C) of said messages and having a 
serial input (17) arranged to receive said 
codings (A,B,C) sequentially; 

a logic gate (15) of the exclusive-OR type 
having an input connected to a serial output 
(13) from said array (9) via a serial line (14), and 
the output connected to said serial input (17) of 
said actuator (18), as well as a second input 
connected to a second output (19) from said 
array (9) and adapted to receive a sign reversal 
signal for the coding (A.B.C) of at least one of 
said messages (ST) ; 

a microprocessor (21) connected to said 
switching array (9) and said conference actua- 
tor (18) to string out, on said serial line (14), an 
appropriate sequence of said messages and to 
generate said reversal signal; and 

a second serial line (25) connected to the 
output (23) of said actuator (18) and an input 
(24) of said switching array (9) for switching to 
one in the plurality of parallel outputs from said 
array (9) the sums of the codings (A,B t C) of said 
messages plus the inverted sign messages. 
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© A method of attenuating the echo signal in so-called telephone fork converting circuits intended for conference, and an 
apparatus operating on said method. 



© A method of attenuating the echo signal in so-called 
telephone fork converting circuits (4), adapted for telephone 
conferences with a plurality of participants, consists of 
switching and arranging sequentially on a serial line (14) 
messages (ST) from each participant as coded (A.B.C) in the 
PCM code, by means of a digital switching array (9), and of 
performing a sign reversal on the PCM codings (A.B.C) of a 
number of messages (ST) equal to the approxximation to the 
nearest number below the number of participants in the 
conference divided by two. In the instance of an odd number of 
participants, first and second conferences are set up by means 
of a conference actuator (18), each conference comprising a 
different combination of inverted-sign coded messages and 
remaining coded messages from the participants, with conse- 
quent cancellation of the echo components having opposite 
sign; subsequently, on the double-wire receiving line (7) 
associated with the telephone fork (4) of each participant, one 
of said conferences is transmitted as deprived of the message 
related to that participant including a number of inverted-sign 
messages equal to that of the remaining original messages. 



1 



R3 [9sa 



5_ 5 
»fd)T 



Si 



^ 7;T g.g.c"**' 




Hg. 



Bundesdruckerei Berlin 



J) 



ytlll European Patent 
GJJI Office 



EUROPEAN SEARCH REPORT 



Application Number 



EP 88 83 0179 



DOCUMENTS CONSIDERED TO BE RELEVANT 



Category 



Y 
Y 

A 
A 



Citation of document with indication, where appropriate, 
of relevant passages _____ 



A 
A 



US-A-4 203 005 (FUKUDA et al . ) 
* Figures 1,4; abstract; column 3, line 
39 - column 4, line 16; column 5, line 
25 - column 6, line 39 * 

W0-A-7 900 317 (STROMBERG-CARLSQN) 

Figures 1-6; abstract; page 1, line 1 
- page 3, line 23; page 6, line 5 - 
page 16, line 9 * 

NATIONAL TELECOMMUNICATIONS CONFERENCE, 
Houston, Texas, 30th November - 4th 
December 1982, vol. 2 of 4, pages 
35.2.1 - 35.2.7, IEEE, New York, US; 
A.W.M. VAN DE ENDEN et al.: "New 
four-wire telephone conference 
ci rcui ts 11 

* Page 35.2.3, paragraphe 4.2; figure 6 
* 

EP-A-0 163 307 (FUJITSU) 

* Figure 10; claim 1 * 

DE-A-3 427 303 (SIEMENS) 

* Claims * 



Relevant 
to claim 



1,2 
3 

1,2 

1,2 
1,2 



CLASSIFICATION OF THE 
APPLICATION Clm. CI. 4) 



H 04 M 3/56 



1,2 



TECHNICAL FIELDS 
SEARCHED ant. CI.4) 



H 04 M 



/ 



The present search report has been drawn up for all claims 



Place of search 


Date of completion of the search 


Examiner 


THE HAGUE 


02-06-1989 


BISCH0F J.L.A. 



CATEGORY OF CITED DOCUMENTS 

X : particularly relevant if taken alone 

Y : particularly relevant if combined with another 

document of the same category 
A : technological background 
O : non-written disclosure 
P : intermediate document 



E : earlier patent document, but published on, or 

after the filing date 
D : document cited in the application 
L : document cited for other reasons 



& : member of the same patent family, corresponding 
document 



